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[57] ABSTRACT 
A spacer is disclosed for being inserted between adja 
cent curtains of electrostatic precipitators. Each spacer 
comprises a hanger adapted to engage the top-most 
edge or support bar of a curtain, for suspending the 
spacer therefrom, between the adjacent curtains. At 
least one hanging member or Tuck-bar is adapted to be 
suspended from the hanger, the number of Tuck-bars 
being dependent upon the vertical extent of the cur 
tains. Each hanging member has ?rst and second guides 
for engaging respective opposite stiffening members of 
adjacent curtains, whereby the hanging member is dis 
posed substantially perpendicular therebetween. - 

13 Claims, 6 Drawing Figures 



US. Patent Mar. 3, 1987 Sheet 10f2 ’ 4,647,296 



647,296 9 4 Sheet 2 vof 2 US. Patent Mar. 3, 1987 



4,647,296 
1 

SPACERS FOR STRAIGI-ITENING WARPED 
PRECIPITATOR CURTAINS 

FIELD OF THE INVENTION 

This invention relates to electrostatic precipitators 
and, more particularly, to spacers disposed between 
adjacent curtains or electrodes of an electrostatic pre 
cipitator to facilitate straightening thereof and maintain 
ing the space therebetween. 

BACKGROUND OF THE INVENTION 

In an electrostatic precipitator for the recovery of 
solid particles from a gas stream, it is conventional to 
con?gure the collector electrodes as a plurality of gen 
erally parallel and preferably upright conductive cur 
tains, which de?ne therebetween generally ?at channels 
or flow paths for the gas stream. Corona-discharge 
electrodes in the form of wires or the like, may be pro 
vided in arrays between the curtains and a dust or parti 
cle collecting bin is formed below the curtains. The 
curtains shed the accumulated dust and solid particles 
when vibrated by a rapper which provides impact at a 
rigid member of a structure attached to the electrodes. 

In all such electrostatic precipitators, it is important 
to maintain the planarity of the collector curtains since 
any distortion may dispose a portion of a collector more 
closely than is desired and may result in an electrical 
breakdown across the space between curtain and dis 
charge electrode. Of course to simply avoid the danger 
that the gap will close to an extent that such breakdown 
will occur by originally spacing the electrodes apart to 
a considerable extent, creates the disadvantage that the 
apparatus becomes less efficient and requires more 
space for a given volume of gas processed, solids recov 
ered, etc. 

Curtains warp due to age and expansion and/ or tem 
perature, whereby the ef?ciency of the electrostatic 
precipitator is greatly reduced. As the spacing between 
adjacent electrodes and curtains decreases, the degree 
of ?ash discharging therebetween increases and the 
effectiveness of the precipitator curtains to remove dust 
and/or soot decreases. The prior art has suggested that 
spacers be disposed between adjacent electrodes or 
curtains to prevent the distance therebetween from 
decreasing. 

In the prior art, US. Pat. No. 4,007,023 of Batza et al. 
discloses parallel disposed precipitator electrodes or 
curtains between which is disposed a plurality of spac 
ers. Spacers are mounted on one curtain and extend 
toward the other in substantially perpendicular relation 
thereto. The spacer is dimensioned slightly less than the 
normal spacing between adjacent curtains so as to pro 
vide an air gap between its distal end and the other 
curtain. A spacer is adapted to pivot up and away from 
the other precipitator curtain. Batza et al. discloses 
spacers that are not adapted to be installed upon an 
existing precipitator curtain and are relatively perma 
nently ?xed to the curtains. 

In a further solution of the prior art as described in an 
article entitled “Restore Megawatts Lost to Compli 
ance Deratings”, POWER, 5/84, spacers in the form of 
U-shaped members are disposed between adjacent cur 
tains of an electrostatic precipitator. Typically, curtains 
are conventionally constructed to have evenly spaced 
and vertically disposed stiffeners or ridges disposed 
vertically along their length. Such U-shaped members 
and, in particular, the leg portions of the U-shaped 
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2 
members are disposed in a vertical orientation and are 
welded to opposing stiffeners of adjacent curtains. Typ 
ically, a number of such U-shaped spacers is welded 
along the vertical extent of adjacent curtains. In order 
to install such U-shaped members, it is necessary to shut 
down the operation of the electrostatic precipitator to 
permit skilled technicians to secure, typically by weld 
ing, the spacers between the adjacent curtains. 
A further solution takes the form of a ladder-like 

arrangement comprised of a plurality of sections that 
are connectable end-on-end to each other. Each section 
resembles a parallelogram and is comprised of two up 
right members of substantially equal length, disposed 
parallel to each other and separated by a pair of pivot 
ally mounted legs, likewise disposed parallel to each 
other. The legs are pivoted so that the upright members 
may be disposed adjacent to each other in a collapsed 
condition, thus permitting the insertion of one section 
between adjacent curtains. One section may be con 
nected, typically by rivoting, to another to form the 
spacer arrangement of a length coinciding to the length 
of the adjacent curtains; the top of one section is con 
.nected to the bottom of the next higher section. The 
topmost section has a pair of hooks which are con 
nected to the upright members and serve to suspend the 
ladder-like arrangement to the curtain support bars. 
After insertion, the upright members are separated until 
the legs are substantially horizontal, whereby the lad 
der-like arrangement provides a maximum and substan 
tial even spacing between adjacent curtains. Such an 
arrangement suffers the disadvantage of relatively high 
weight and expense of construction. Typically, curtains 
employed in precipitators may extend vertically some 
35 ft. in length. A typical section is 3 ft. in length and 
weighs in the order of 10 lb. Thus, 8 or 9 sections 
weighing in excess of 75 lbs. must be assembled and 
lowered between adjacent curtains. Often the personnel 
assembling and mounting such spacers work in cramped 
spaces and experience has shown that it is most difficult 
to lower an assembly of such weight into place between 
adjacent curtains, while avoiding interference with the 
corona-discharge electrodes. Once in place, the upright 
members of such a ladder-like arrangement may be most 
difficult to separate, especially if there is a number of 
warpage points along the length of the adjacent cur 
tains. Due to the collapsible nature of such a ladderlike 
arrangement, care must be taken not to allow one’s 
hands to be caught between the upright members and 
the legs. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide 
new and improved spacers that are relatively easy to 
insert quickly between adjacent curtains of an electro 
static precipitator without the necessity of discontin 
uing normal operation of the precipitator. 

It is a further object of this invention to provide new 
and improved lightweight spacers that may be inserted 
between adjacent curtains of electrostatic precipitators 
without the use of special tools by personnel with mini 
mal training. 

In accordance with these and other objects of this 
invention, a spacer is provided for being inserted be 
tween adjacent curtains of electrostatic precipitators. 
Each spacer comprises a hanger adapted to engage the 
top-most edge or support bar of a curtain, for suspend 
ing the spacer therefrom, between the adjacent curtains. 
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At least one hanging member or Tuck-bar is adapted to 
be suspended from the hanger, the number of Tuck-bars 
being dependent upon the vertical extent of the cur 
tains. Each hanging member has ?rst and second guides 
for engaging respectively the adjacent curtains, 
whereby the hanging member is disposed substantially 
perpendicular therebetween. 

In an illustrative embodiment of this invention, each 
hanging member is integrally formed of a ?rst vertically 
oriented member, and a second horizontally disposed 
portion connected at one end to the ?rst vertical mem 
ber and at its other end to a third horizontally oriented 
member. A mechanism in the form of an eyelet is con 
nected to the top of the ?rst vertical member for sus 
pending the hanging member from the hanger or that 
hanging member disposed immediately above, and a 
second mechanism, illustratively in, the form of an up 
right hook, af?xed with respect to the third horizontal 
member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

While the speci?cation concludes with claims partic 
ularly pointing and distinctly claiming the subject mat 
ter of the invention, it is believed that the invention will 
be better understood from the following description 
taken in conjunction with accompanying drawings, 
wherein: 
FIG. 1 is a perspective view of warped curtains of an 

I‘ electrostatic precipitator; 
FIG. 2 is a perspective view of an electrostatic pre 

cipitator having a plurality of curtains illustrating the 
manner in which the spacers of this invention may be 

‘ easily inserted between adjacent curtains of the electro 
static precipitator; 
FIG. 3 is a perspective view showing in detail the 

, structure of the spacers of this invention and how they 
__1 are assembled with each other; 

FIG. 4 is a side view, partially broken away to illus 
trate the manner in which the spacers, as shown in 
FIGS. 2 and 3, are connected to the stiffeners of adja 

' cent curtains; 

FIG. 5 is a plan view taken through section 5—-5 of 
FIG. 4; and 
FIG. 6 is a plan view taken through section 6-6 of 

FIG. 4. 

DESCRIPTION OF AN ILLUSTRATIVE 
EMBODIMENT 

Referring now to the drawings and in particular to 
FIG. 1, there is shown an electrostatic precipitator 10 
having a plurality of curtains 12a, 12b and 12c. Each 
curtain 12 is suspended from its curtain support rod 14. 
The curtain support rods 14 are disposed substantially 
parallel with each other with the intent that their cur 
tains 12 will likewise hang in a parallel relation to adja 
cent curtains. Each curtain 12 has a plurality of equally 
spaced stiffeners 16 to retard warpage. Though not 

> shown in FIG. 1, it is understood that an array of coro 
na-discharge electrodes is disposed between each of the 
adjacent curtains 12. Illustratively, such an array in 
cludes a support bar from which a plurality, eg 8, of 
wired electrodes is suspended vertically downward 
between the adjacent curtains. 
As discussed above, age, expansion and/or tempera 

ture tend to warp the curtains 12, as particularly illus 
trated in FIG. 1. Unwarped curtains 12 typically have a 
spacing A between adjacent curtain support rods 14. As 
warpage occurs, the spacing may shrink to that spacing 
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4 
B. As a result, electrical discharge between adjacent 
curtains 12a and 12b and their corona-discharge elec 
trodes (not shown) may occur with the result that the 
ef?ciency of the electrostatic precipitator 10 may de 
crease. 

The warpage illustrated in the curtains 12 of FIG. 1 
may be straightened and, thereafter, prevented from 
reoccurring by the insertion of a plurality of spacers 
20a, 20b and 20c, in accordance with the teaching of this 
invention, between adjacent curtains 12, as shown in 
FIG. 2. Each spacer 20 is comprised of a plurality of 
Tuck-bars 32 suspended end-to-end from each other. A 
topmost Tuck-bar 32a’ is suspended from the curtain 
support rod 14b of its corresponding curtain 12b. As 
illustrated, a second Tuck-bar 32a” is suspended from 
the bottommost portion of the ?rst Tuck-bar 32a’ and a 
third Tuck-bar 320'” is suspended from the bottommost 
portion of the second Tuck-bar 32a". The Tuck-bars 32 
are suspended vertically in series with each other, their 
number being dependent upon the vertical dimension of 
the curtains 12. By suspending only the top of a series of 
the Tuck-bars 32 by a hanger 22 and permitting the last 
hanging Tuck-bars 32 to remain relatively free with 
respect to its curtain 12, the spacer 20 remains free to 
move with respect to its curtains 12 and to provide a 
spacing therebetween as various in?uences tend to 
warp the curtains 12. 

In an illustrative embodiment of this invention, the 
spacer is 42 inches long and eight such spacers 20 are 
required for a curtain 12 having a vertical dimension of 
35 feet. A lesser number of spacers 20 may be used, 
where the straightening of the lower portion of the 
curtain 12 is not needed and/or it is desired to reduce 
cost. As shown in FIG. 2, a single spacer 20a is disposed 
between the curtains 12a and 12b in an aligned relation 
ship with the centrally disposed stiffener 16b. In similar 
fashion, a second spacer 20b is disposed between the 
curtains 12b and 12c in alignment with the ?rst spacer 
20a and engaging the centrally disposed stiffeners 16b 
and 16c. Noting that the curtains 12 have illustratively 
?ve equally spaced stiffeners, the spacers 20 could be 
disposed in alignment with the second and fourth stiff 
eners 16 of adjacent curtains 12. By aligning the spacers 
20a and 20b one behind the other at the center of each 
curtain 12 as shown in FIG. 2, rigidity is imparted to 
adjacent curtains 12 and to the entire assembly of cur 
tains 12. Experience has shown that maximum misalign 
ment normally occurs at the center of each curtain 12. 
Disposing Tuck-bars 32 at the centers of the curtains 
has proven effective to reduce warpage with a mini» 
mum number of Tuck-bars 32 and labor for their instal 
lation. However for severely warped curtains 12, it's 
possible to use 2 or 3 rows of aligned Tuck-bars 32, as. 
would be disposed on either side of the single row of 
Tuck-bars 32 shown in FIG. 2. 

Referring now to FIG. 3, the details of a spacer 20 
and its Tuck-bars 32 will be explained. Each spacer 20 
includes the hanger 22 which suspends its series of 
Tuck-bars 32 from a support rod 14 of its curtain 12. 
Each hanger 22 includes a hook 24 of curved radius 
greater than the radius of the circumference of the sup 
port rod 14, a vertically extending portion 26, a hori 
zontally extending portion 28 and an upright hook 30. 
As indicated in FIG. 3, the upright hook 30 is designed 
to fit within an eyelet 34 of the Tuck-bar 32'. A small 
opening 31 is disposed through the upright hook 30 so 
that after the upright hook 30 has been disposed within 
the eyelet 34, a codder pin 33 may be disposed through 



4,647,296 
5 

the hole 31 thus securing the hook 24 and the Tuck-bar 
32' together. As will be explained in detail below, the 
codder pin 33 not only secures the adjacent Tuck-bars 
32’ and 32" together, but assists in the installation of the 
spacer 20 between adjacent curtains 12. 
The details of the Tuck-bars 32 will be described with 

respect to FIGS. 3 and 4. Each Tuck-bar 32 includes its 
eyelet 34, a ?rst vertically extending portion 36 secured 
to the eyelet 34 at one end and to a ?rst horizontally 
extending portion 38 at its other end. A second verti 
cally extending portion 40 is connected at one end to 
the ?rst horizontal portion 38 and to a second horizon 
tally extending portion 42 at its other end. A book 44 
extends uprightly from the second horizontal portion 42 
and is adapted to be disposed within the eyelet 34 of the 
next lower Tuck-bar 32". The hook 44 includes a small 
opening 46 for receiving its codder pin 33. As illustrated 
in FIGS. 3 and 4, after the upright hook 46 of the ?rst 
or uppermost Tuck-bar 32' is inserted through the eye 
let 34 of the second Tuck-bar 32" of spacer 20, the 
codder pin 33 is inserted through its opening 46 and its 
ends bent to thereby secure the Tuck-bars 32' and 32" 
together. 
As particularly shown in FIG. 4, each Tuck-bar 32 

has a pair of guides 48a and 48b secured, typically by 
welding, at the top and bottom of the vertical portion 
36. A third guide 480 is similarly secured to the second 
vertical portion 40. As particularly shown in FIG. 6, the 
guides 48 are U-shaped having a pair of legs and a bite 
portion; one of the legs of the guide 48b is connected to 
the ?rst vertical portion 36 and is spaced from its other 
leg by a distance to permit the stiffener 16b to loosely ?t 
between the legs of the guide 48b. The loose ?t between 
the guides 48 and the stiffeners 16 facilitates the inser 

6 
48c is aligned with the stiffener 16a and inserted therein, 
before the stiffener 16b is inserted within the guides 48a 
and 48b. Thereafter, the installer pushes the ?rst in 
serted Tuck—bar 32n' downward until the eyelet 34 is 
but a short distance from the top of the curtains 12. 
Then, the next Tuck-bar 32n-1' is disposed between the 
curtains 12a and 12b and its upright portion 44 disposed 
through the eyelet 34 and the codder pin 33 inserted 
through the opening 46 to thereby secure the Tuck-bars 

10 32n' and 32n-1' together. The uppermost Tuck-bar 32n 

ffi. 

25 

30 

tion of the Tuck-bars 32 between the curtains 12 and of 35 
pushing them down, as will be explained. The loose ?t 
between the guides 48 and the stiffeners 16 prevents any 
undue binding as may occur when the curtains 12 may‘ 
warp and, thus, move vertically with respect to the 
guides 48. In similar fashion, a leg of the guide 48c is 
secured to the second vertical portion 40 and is con?g 
ured to loosely receive the stiffener 160. The guides 48a, 
48b and 480 orient the spacer 20 and, in particular, each 
of its Tuck-bars 32 to lie in a plane substantially perpen 
dicular to the adjacent curtains 12a and 12b. By main 
taining this relationship of the Tuck-bars 32 to the cur 
tains 12, the spacing between the adjacent curtains 12 is 
assured. ' 

As shown in FIG. 5, the hanger 22 is askewed with 
respect to the plane of its curtain 12, whereas the Tuck 
bar 32 and, in particular, that portion of the Tuck-bar 32 
secured to the eyelet 34 is disposed by the guides 48 in 
a substantially perpendicular relationship to its curtains 
12. To permit such askewing, the radius of the hook 24 
must be made slightly greater than the radius of the 
circular circumference of the support bar 14. 
A spacer 20 is inserted between adjacent curtains 12, 

as shown in FIG. 4. In particular, a ?rst Tuck-bar 32n’ 
is ?rst inserted between the curtains 12a and 12b in a 
manner to avoid interfering with the corona-discharge 
electrodes (not shown) disposed therebetween. As seen 
most clearly in FIG. 3, a Tuck-bar 32 is con?gured with 
a relatively long ?rst vertical portion 36 and a relatively 
short second vertical portion 40. If the U-shaped part 
comprised of portions 38, 40 and 42 were relatively 
large, it would be dif?cult to insert the Tuck-bar 32 
between the curtains 12a and 12b, while avoiding the 
corona-discharge electrodes. After insertion, the guide 
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1' is then pushed downward by the installer, while en 
gaging its guide 480 with the straightener 16a and its 
guides 48a and 48b with the stiffener 16b. The codder 
{pin 33 serves to transfer the vertical force exerted upon 
the topmost Tuck-bar to each of the Tuck-bars con 
nected there below. In this manner, a whole string of 
Tuck-bars 32 is directed downward between adjacent 
curtains 12 and warpage is incrementally straightened 
as the leading or lowermost Tuck-bar 32n' is pushed 
downward. In contrast to a ladder-like arrangement, 
discussed above, which required a relatively high exer 
tion force to remove warpage along the entire length of 
the curtains, the spacer 20 only removes a relatively 
small portion of the warpage at any one time, thus re 
ducing the amount of force needed to push the string of 
Tuck-bars 32 downwardly. 

Thus, there has been shown a new and improved 
spacer and method of insertion of such spacers between 
adjacent curtains of an electrostatic precipitator. The 
insertion of the spacers in accordance with the teach 
ings of this invention does not require any particular 
expertise or the use of any special tools, and may be 
accomplished quickly without requiring a long shut 
down of the electrostatic precipitator. Each spacer is 
comprised of a hanger resting on the top of its curtain 
and a plurality of Tuck-bars serially connected end-on 
end in a serial relationship to each other. The use of a 
plurality of such Tuck-bars permit the assembly of the 
spacer without disassembling the curtains and permits 
the use of this spacer for curtains of varying vertical 
dimension. 

In considering this invention‘, it should be remem 
bered that the present disclosure is illustrative only and 
the scope of the invention should be determined solely 
by the appended claims. 

I claim as my invention: 
1. In an electrostatic precipitator having adjacent ?rst 

and second curtains, the improvement comprising a 
spacer inserted between said ?rst and second curtains to 
effect straightening of said curtains when warped and, 
thereafter, to prevent further curtain warpage, each 
curtain having a top edge and being disposed substan 
tially parallel with the adjacent curtain, said spacer 
comprising: 

(a) a hanger comprising ?rst suspending means se 
‘ cured at one end to engage and to suspend said 
hanger from the top edge of the ?rst curtain, and 
second suspending means spaced from said ?rst 
suspending means; and 

(b) at least one hanging member having third sus 
pending means for engaging said second suspend 
ing means and suspending said hanging member 
from and below said hanger, and ?rst and second 
guide means for engaging respectively the ?rst and 
second curtains to orient said hanging member 
substantially perpendicular to each of the ?rst and 
second curtains and to facilitate relatively free 
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movement between the ?rst and second guide 
means and the ?rst and second curtains. 

2. The precipitator as claimed in claim 1 wherein each 
said curtain has at least one stiffening member extending 
therefrom, wherein said ?rst and second guide means 5 
engage said stiffening members. 

3. The precipitator as claimed in claim 2, wherein said 
each of said ?rst and second guide means comprises a 
U-shaped member having a pair of legs, and a bite por 
tion disposed therebetween, said legs being spaced from 10 
each other a distance to permit said guide means to 
receive one of said stiffening members therebetween. 

4. The precipitator as claimed in claim 1, wherein 
there is included a plurality of said hanging members 
vertically aligned. l5 

5. The precipitator as claimed in claim 4, wherein 
each of said hanging members includes fourth suspend 
ing means spaced from said third suspending means for 
engaging said third suspending means of that hanging 
member disposed immediately there below and for sus- 20 
pending that hanging member therefrom. 

6. The precipitator as claimed in claim 1, wherein said 
hanging member comprises a ?rst vertically oriented 
portion extending along the ?rst curtain, and a second 
vertically oriented portion extending along the second 25 
curtain, and means disposed between and interconnect 
ing said ?rst and second vertical portions, whereby the 
?rst and second curtains are spaced apart a given dis 
tance. 

7. The precipitator as claimed in claim 6, wherein 30 
there is included a plurality of said hanging members, 
and each of said hanging members includes a horizontal 
extending portion connected to said second vertical 
portion and fourth suspending means af?xed to said 
horizontal portion to dispose said fourth suspending 35 
means adjacent the ?rst curtain. 

8. The precipitator as claimed in claim 6, wherein said 
?rst and second guide means are af?xed to said ?rst and 
second vertical portions, respectively. 

9. The precipitator as claimed in claim 8 wherein each 40 
of the ?rst and second curtains includes stiffening mem 
bers extending therefrom, wherein each of said ?rst and 
second guide means is U-shaped and includes a pair of 
legs and a bite portion disposed therebetween, said legs 
spaced apart a suf?cient distance to receive therebe- 4S 
tween one of said stiffening members. 

10. The precipitator as claimed in claim 1, wherein 
there is included a-plurality of hanging members sus 
pended in series and end-to-end relationship, each of 
said hanging members comprising a ?rst vertically ori- 50 
ented member extending along the ?rst curtain and 
af?xed integrally to said third suspending means, a sec 
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0nd horizontally oriented member af?xed integrally to 
and oriented substantially perpendicular to said ?rst 
vertical member, a third vertically oriented member 
extending along the second curtain and af?xed to and 
disposed substantially perpendicular to said second hor 
izontal member, and a fourth member oriented horizon 
tally and af?xed to and disposed substantially perpen 
dicular to said third vertical member, and fourth sus 
pending means af?xed to said fourth horizontal member 
for engaging said third suspending means of the imme 
diately lower hanging member and for suspending that 
hanging member therefrom, said ?rst and second guides 
af?xed to said ?rst and third vertical members respec 
tively. 

11. A method of installing a spacer between adjacent 
?rst and second curtains of an electrostatic precipitator 
to effect a gradual straightening of any warpage therein, 
the spacer comprising a hanger with ?rst suspending 
means secured to one end to engage and to suspend the 
hanger from a top edge of the ?rst curtain and second 
suspending means spaced from said ?rst suspending 
means, and a selected number of vertically aligned 
hanging members, each hanging member having spaced 
apart third and fourth suspending means, said third 
suspending means engaging said second suspending 
means of said hanger or said fourth suspending means of 
that hanging member disposed immediately above and 
suspending said hanging member from below the 
hanger or the above hanging member, said method 
comprising the steps of: 

(a) placing the ?rst of the selected number of hanging 
members between the ?rst and second curtains and 
disposing the ?rst hanging member downwardly; 
and ' 

(b) connecting the third suspending means of the ?rst 
hanging member to the fourth suspending means of 
the next above hanging member and, thereafter, 
disposing the ?rst and second hanging members 
downward together. 

12. The method as claimed in claimed 11, further 
including the repeating of steps (a) and (b) until a suffi 
cient number of hanging members have been inserted 
between the ?rst and second curtain to straighten any 
warpage therein. 

13. The method as claimed in claim 12, further includ 
ing the step of suspending said hanger at one end to 
engage and to suspend the hanger from the top of the 
?rst curtain and connecting the second suspending 
means of the hanger with the third suspending means of 
the hanging member disposed immediately there below. 

1* i Q # t 


